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Objective: Complex endovascular procedures such as fenestrated endovascular aneurysm repair (FEVAR) are associated
with higher radiation doses compared with other ﬂuoroscopically guided interventions (FGIs). The purpose of this study
was to determine whether surgeon education on radiation dose control can lead to lower reference air kerma (RAK) and
peak skin dose (PSD) levels in high-dose procedures.
Methods: Radiation dose and operating factors were recorded for FGI performed in a hybrid room over a 16-month
period. Cases exceeding 6 Gy RAK were investigated according to institutional policy. Information obtained from
these investigations led to surgeon education focused on reducing patient dose. Points addressed included increasing table
height, utilizing collimation and angulation, decreasing magniﬁcation modes, and maintaining minimal patient-to-
detector distance. Procedural RAK doses and operating factors were compared 8 months pre- (group A) and 8 months
post- (group B) educational intervention using analysis of variance with Tukey pairwise comparisons and t-tests. PSD
distributions were calculated using custom software employing input data from ﬂuoroscopic machine logs.
Results: Of 447 procedures performed, 300 FGIs had sufﬁcient data to be included in the analysis (54% lower extremity,
11% thoracic endovascular aneurysm repair, 10% cerebral, 8% FEVAR, 7% endovascular aneurysm repair, 5% visceral, and
5% embolization). Twenty-one cases were investigated for exceeding 6 Gy RAK. FEVAR comprised 70% of the investi-
gated cases and had a signiﬁcantly higher median RAK dose compared with all other FGIs (P < .0001). There was no
difference in body mass index between groups A and B; however, increasing body mass index was an indicator for
increased RAK. PSD calculations were performed for the 122 procedures that focused on the thorax and abdomen
(group A, 80 patients; group B, 42 patients). Surgeon education most strongly affected table height, with an average table
height elevation of 10 cm per case after education (P < .0001). The dose index (PSD/RAK ratio) was used to track
changes in operating practices, and it decreased from 1.14 to 0.79 after education (P < .0001). These changes resulted in
an estimated 16% reduction in PSD. There was a trend toward a decrease in patient to detector distance, and the use of
collimation increased from 25% to 40% (P < .001) for all cases; however, these did not result in a decrease in PSD. The
number of cases that exceeded 6 Gy RAK did not change after education; however, the proportion of non-FEVAR cases
that exceeded 6 Gy decreased from 40% to 20%.
Conclusions: Surgeon education on the appropriate use of technical factors during FGIs improved operating practice,
reduced patient radiation dose, and decreased the number of non-FEVAR cases that exceeded 6 Gy. It is essential
that vascular surgeons be educated in best operating practices to lower PSD; nonetheless, FEVAR remains a high-dose
procedure. (J Vasc Surg 2013;58:715-21.)Modern vascular surgeons perform an ever increasing
number of complex ﬂuoroscopically guided interventions
(FGIs),1-3 largely based on patient preference, decreased
length of stay, and improved outcome.4-8 With the upsurge
of FGIs, concern has grown regarding the harmful effects
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://dx.doi.org/10.1016/j.jvs.2013.04.004operator.9-11 Injury from radiation exposure can be classi-
ﬁed as deterministic or stochastic. Deterministic effects
result from a predictable dose-related response with
a threshold below which the effect is unlikely to occur,
such as cutaneous radiation injury and cataracts. Stochastic
effects, such as the development of cancer, have a proba-
bility of occurrence that increases with dose but have
a severity that is dose-independent.12
Reference air kerma (RAK) is a frequently utilized
measurement to quantify the peak skin dose (PSD) and
hence, risk of subsequent deterministic injury.13 Skin injury
represents the most common form of deterministic injury,
and associated risk factors include patient parameters, tech-
nical factors, the interventionalist’s knowledge and skill,
location of the lesion, and case complexity.14,15 Patient-
related risk factors such as obesity and connective tissue
disorders are difﬁcult to mitigate. Case complexity also is
challenging to inﬂuence, with more complex interventions
requiring higher radiation exposures.13,16,17 Among the
known risk factors for deterministic injury, technical factors715
Fig 1. Interventional reference point. SID, Source-to-image
distance.
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tion mode, collimation, angulation, and table position.
Exposure can be further managed by the appropriate selec-
tion of acquisition frame rate and pulsed ﬂuoroscopy mode.
A best operating guideline has therefore been published to
effect more widespread application of radiation-limiting
behaviors in an effort to limit the severity of radiation expo-
sure during FGIs.13 However, rates of adherence and the
effect of educational interventions to improve guideline
adherence are poorly described in the literature.
Vascular surgery is entering an era of increasing case
complexity and higher radiation exposure. In particular,
endovascular repair of thoracoabdominal aortic aneurysms
with fenestrated stent grafts (FEVAR) has been recognized
to generate radiation exposures even higher than previously
reported in complex cases such as cerebrovascular interven-
tions and endovascular aneurysm repair (EVAR).15,18 In
this context, we aimed to describe the association between
inadequate adherence to published guidelines of technical
factors and resulted high radiation exposure in complex
procedures. We hypothesized that educational interven-
tions can improve conformity to best operating practice
and result in reduced radiation dose.
METHODS
A retrospective review of patients undergoing FGIs in
the hybridﬂuoroscopic operating suite (Allura FD20; Philips
Healthcare, Andover, Mass) by the vascular surgery service
at St. Paul’s University Hospital at the University of Texas
Southwestern Medical Center in Dallas, Texas, between
January 2011 and April 2012 was performed. Information
from the associated Xcelera Picture Archiving and Com-
munication System (PACS) system provided image sets,
protocol type, start and stop time, and cumulative RAK for
each procedure. An educational event, taught by university
medical physicists, occurred in the beginning of September
2011, dividing procedures into two groups. Procedures
performed 8 months prior to the education intervention
(group A) were compared to procedures performed
8 months after the educational intervention (group B).
Deﬁnition and calculation of RAK. RAK was used as
the dosimetry quantiﬁcation method to predict PSD.14,17
The RAK is the kinetic energy released in the medium at
the interventional reference point, which is located 15 cm
along the beam axis toward the focal spot from isocenter
(Fig 1). The RAK offers an estimate of the air kerma (AK)
at the patient’s skin and includes both ﬂuoroscopic and
angiographic exposures.19
System operation logs provided records detailing acquisi-
tion time, generator technique factors, operating mode
factors, table height and gantry geometry parameters, and
number of acquired image frames for X ray generator activa-
tion events. These event records werematched to their corre-
sponding procedures. Because RAK measures dose at a ﬁxed
position on the beam axis, it does not account for actual
patient positioning. Geometry factors such as changes in
angulation can tend to spread dose or changes in table height
may lead to under- or overestimates of AK at the patient.20Patient positioning, geometry factors, and dose conversion
factors must be applied to the RAK to estimate skin dose.21
Patient exposure estimates were calculated based on the
system log events. For each event, RAK was calculated
from technique factors, beam ﬁltration, and measurements
of X-ray radiation output. Using this calculated RAK and
event geometry parameters, AK maps corresponding to the
posterior surface of a patient lying supine on the table pad
were calculated using customized software (IDL; Excelis
Visual Information Systems, Boulder, Colo). Dose conver-
sion factors and measured beam attenuation corrections
were applied to the procedure AK maps to estimate PSDs.21
The aforementioned calculations have been validated
against Gafchromic ﬁlm.22
Study design and procedural details. In accordance
with institutional policy, patients with a ﬂuoroscopy proce-
dure RAK exceeding 6 Gy require a PSD investigation by
a medical physicist. Investigated cases revealed ﬂuoroscopy
usage patterns in the hybrid suite that contributed to
higher than expected PSDs. Consequently, surgeon educa-
tion occurred, which was additional to the 1-hour annual
online course required for ﬂuoroscopic credentialing. The
educational event consisted of informal instruction
regarding good operating practices aimed at decreasing
patient dose. Highlighted points included the importance
of using elevated table height, tight collimation in place
of magniﬁcation, gantry angulation to spread skin dose,
minimal patient-to-detector distance, digital subtraction
acquisition (DSA) runs sparingly, and lowest possible frame
rates for both ﬂuoroscopy and DSA runs.
Fig 2. Case distribution (n ¼ 300). EVAR, Endovascular aneurysm repair; TEVAR, thoracic endovascular aneurysm
repair.
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extremity diagnostic and intervention (LED, LEI), athe-
rectomy (ATH), cerebral vascular (CV), embolization
procedure (Embo), visceral artery (VA), endovascular
infra-renal aneurysm repair (EVAR), thoracic endovascular
aneurysm repair (TEVAR), fenestrated TEVAR (FTE-
VAR), and fenestrated EVAR (FEVAR). Body mass index
(BMI) was calculated for all cases. For procedures using
abdominal protocols, a PSD was estimated using the above
mentioned software, and the dose index (ratio of PSD
to RAK)19 was calculated to quantify changes in ﬂuoro-
scopic operating practices. Technical details of the proce-
dure were left entirely at the discretion of the operating
surgeons.
Statistical analysis plan. Comparative statistical anal-
yses of RAK levels between categories was performed using
analysis of variance with Tukey pairwise comparisons. The
effects of patient BMI and case category on RAK levels
were analyzed with a general linear model at a statistical
signiﬁcant level of P ¼ .05. Pre- and post-ﬂuoroscopic
use patterns (table height, collimation, magniﬁcation
modes, ﬂuoroscopic frame rates, angulation) and dose
index were compared using independent sample t-tests
with a level of signiﬁcance of 0.05. Bonferroni correction
was used for multiple comparisons. Mean values and 95%
conﬁdence intervals were obtained. The distribution of
dose was not normally distributed, and the data were more
consistent with a log normal distribution similar to other
studies reviewing FGIs13,15,23,24; therefore, medians were
used for comparisons with 95% conﬁdence intervals and
a P value <.05 for signiﬁcance.
RESULTS
Of 447 procedures performed during the study period,
300 cases were FGIs and had sufﬁcient data (complete
ﬂuoroscopic logs) to be included in the analysis (Fig 2).One hundred ﬁfty-six patients were in group A and 144
patients were in group B. Lower extremity and CV exams
were excluded from PSD calculations because signiﬁcant
translational table motion occurs in these cases, resulting
in inaccurate PSD estimations. One hundred twenty-two
studies that were focused primarily in the thorax and
abdomen were further analyzed for PSD. In this thora-
coabdominal subset of patients analyzed for PSD, 80
patients were in group A and 42 patients in group B. In
terms of patient populations, there was no signiﬁcant differ-
ence in patient BMI (group A, 27.9; group B, 27.2;
P ¼ NS) between groups. BMI, however, was a statistically
signiﬁcant indicator of increased RAK in both groups
(P ¼ .007).
Twenty-one patients were investigated for reaching 6
Gy RAK. FEVAR comprised 70% of the 21 cases investi-
gated and had signiﬁcantly higher procedural RAK than
all other FGIs performed, with a median RAK of 6.5 Gy
(P < .0001; Fig 3). Degree of fenestration ranged from
one to four vessels; however, there was no difference in
RAK dose based on number of vessels fenestrated. There
was no statistically signiﬁcant difference in procedural
RAK among the remaining groups (LED, 0.4 Gy; LEI,
0.5 Gy; ATH, 0.8 Gy; CV, 0.5 Gy; TEVAR, 0.9 Gy;
Embo, 1.0 Gy; EVAR, 1.0 Gy; VA, 1.6 Gy; FTEVAR,
2.4 Gy).
Operating factors following the educational event.
The educational event most signiﬁcantly affected table
height. In group A, on average per case, the table height
was 210 mm below isocenter, and after intervention the
table height in group B was, on average, 107 mm below
isocenter (P < .001). This resulted in an average elevation
of 103 mm in table height after educational intervention
(Fig 4). The table height to detector distance trended
down in group B but did not reach signiﬁcance (group A,
420 mm; group B, 410 mm; P ¼ .13). The use of
Fig 4. Table height before and after the educational event.
Fig 3. Procedural reference air kerma (RAK). ATH, Atherectomy;
CV, cerebral vascular; Embo, embolization procedure; EVAR,
endovascular infrarenal aneurysm repair; FEVAR, fenestrated
EVAR; FTEVAR, fenestrated TEVAR; LED, lower extremity
diagnostic; LEI, lower extremity intervention; TEVAR, thoracic
endovascular aneurysm repair; VA, visceral artery.
Fig 5. Dose index before and after the educational event. PSD,
Peak skin dose.
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collimation in group A, to 40% of cases in group B with
some degree of collimation (P < .001). There was no
observable change in other operating factors including the
use of magniﬁcation modes, gantry angulation, or change
in percentage of time spent in low-dose ﬂuoroscopy modes
vs high-dose digital acquisitions.
PSD following the educational event. There was no
signiﬁcant difference between the mean RAKs in groups A
and B (1.4 Gy and 1.5 Gy). Additionally, in the thoracoab-
dominal subset of patients that was analyzed for PSD, there
was no signiﬁcant difference in mean RAK (1.9 Gy in
group A, and 2.3 Gy for group B). However, the doseindex (PSD/RAK) decreased signiﬁcantly after education.
The ratio in group A was 1.14 and in group B was 0.79
(P < .0001; Fig 5). The estimated mean PSD decreased
by 16% in group B compared with group A (P < .001).
Investigated case distribution after educational
event. The number of cases that exceeded 6 Gy RAK and
triggered an internal investigation did not change between
groups; however, the proportion of non-FEVAR cases that
exceeded 6 Gy decreased from 40% in group A (4/10) to
20% (2/11) in group B (Fig 6, A and B).
DISCUSSION
Radiation-induced skin injury, in the form of transient
erythema, has been reported to occur when a dose of 2 Gy
is reached during FGIs, with the severity of injuries
increasing with dose.25,26 As the number of endovascular
procedures increases, it is essential that physicians know
the risk factors for injury, including patient, procedural,
and technical operating factors.12 Patient obesity is a risk
factor for radiation injury, because higher radiation output
is necessary to penetrate the excess soft tissue, and as
a consequence, larger patients are exposed to higher levels
of radiation compared with thinner subjects.27 Weiss et al
found that obese patients undergoing EVAR had up to
three times higher PSDs then patients with a normal
BMI.28 Similarly, Maurel and colleagues demonstrated
during EVAR, the median dose area product of obese
patients is signiﬁcantly increased compared with that of
nonobese patients.29 Our results concur with the literature
that increasing BMI is a risk factor for high radiation dose.
Procedural characteristics that affect risk of skin
injury include the location of the lesion, procedure type,
and case complexity.14,15 Increased complexity results in
increased patient dose.30,31 Atherectomy, CV interven-
tions, embolization procedures, and EVAR have all been
associated with high radiation doses.16,32 Fenestrated
endovascular aneurysm repair has emerged as one of the
Fig 6. Investigated cases for exceeding 6 Gy reference air kerma (RAK). A, Group A (n ¼ 10). B, Group B (n ¼ 11).
Embo, Embolization procedure; EVAR, endovascular infrarenal aneurysm repair; FEVAR, fenestrated EVAR; TEVAR,
thoracic endovascular aneurysm repair; VA, visceral artery.
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endovascular aneurysm repair, the exposure was higher
for branched and fenestrated grafts.33 Panuccio et al re-
ported a median RAK of 6.3 Gy for fenestrated stent grafts,
with three patients exceeding 15 Gy RAK,18 further sup-
porting case complexity as a risk factor for increased
dose. In our study, the median RAK values, as shown in
Fig 3, are consistent with the literature, and FEVAR is
signiﬁcantly higher than all other FGIs.
In addition to patient risk factors and case complexity,
the appropriate use of operating factors as well as the inter-
ventionalist’s knowledge regarding best practice guidelines
during ﬂuoroscopy are major contributors to radiation
dose. Adjustments like raising the ﬂuoroscopic table, mini-
mizing patient-to-detector distance, limiting ﬂuoroscopy
time and high-dose digital acquisition runs, and utilizing
collimation and pulsed ﬂuoroscopy, as well as ﬂuoroscopy
looping whenever possible and reducing magniﬁcation
modes and steep gantry angulation can limit patient dose.34
RAK is the best indicator of PSD.13 It is much more
accurate than ﬂuoroscopy time and dose area product,
which has a potential error of at least 30% to 40% when
estimating absorbed skin dose.19,26 Nonetheless, the calcu-
lation of PSD requires numerous assumptions, including
attenuation corrections and back-scatter factors. However,
the use of the dose index to quantify changes in PSD helps
control for these uncertainties. Application of many of
these good operating practices results in decreases in
patient skin dose but is not reﬂected in changes in RAK.
In this study, the dose index was used to track changes
in operating practices since it reﬂects changes in skin dose
while controlling for factors such as BMI and case
complexity. A dose ratio greater than one indicates that
skin dose will be higher than the displayed RAK; this
may occur with highly angulated views or low table
heights. Conversely, a dose ratio less than one indicates
that the displayed RAK overestimates PSD, which can
occur because of a high table height or considerable
beam movement.19 In this study, the dose index decreased
to less than one after education, suggesting that through
better operating practices, the RAK went from an underes-
timation to an overestimation of skin dose delivered.Because of these adjustments in operating practices after
education, the estimated mean PSD decreased by 16%.
In our study, table height and source focal spot to
image detector distance (SID) were both increased in
group B. These changes are consistent with the good oper-
ating tenet, maximize table height and minimize SID to
minimize patient dose. This operating practice increases
RAK since modern ﬂuoroscopy systems use automatic
brightness control to maintain a constant radiation input
at the detector to produce images of uniform quality.30
Any increase in SID results in increased output because
radiation at the detector becomes less concentrated as the
inverse square of the SID (ie, inverse square law).35
Because AK at the patient decreases at a faster rate than
RAK increases, concurrently raising the table and detector
results in a lower PSD. Therefore, minimizing the patient-
to-detector distance is important to reduce exposure. In
our study, there was a trend toward decreasing patient-
to-detector distance after education, but it did not reach
signiﬁcance.
Utilizing angulation to avoid prolonged exposure to
a small tissue area has been recommended as good oper-
ating practice.12 However, this method does not always
lower PSD.20 Angulation changes must be large enough
to distribute dose over distinct nonoverlapping areas of
the skin to decrease PSD. Craniocaudal angulation should
never be used as a PSD reduction technique. As the c-arm
is rotated along the craniocaudal axis, the source-to-skin
distance is decreased, and the patient’s thickness along
the central ray is increased, which leads to a higher RAK
and therefore, a higher patient skin dose.20 In one review,
more than 80% of the injuries occurred with the beam in
a steeply angled orientation.35 In our study, there was no
difference in angulation before or after education.
Tight collimation avoids overlap between the X-ray
ﬁelds on the patient’s skin and therefore improves the
effectiveness of dose spreading techniques.36 The use of
collimation in our study increased from 25% to 40% of
cases with any use of collimation. This change, however,
did not result in a decrease in PSD. Collimation is most
effective in decreasing PSD when used in concert with
changes in angulation since it helps avoid beam overlap.
JOURNAL OF VASCULAR SURGERY
720 Kirkwood et al September 2013Radiation doses to patients from ﬂuoroscopy will be
lower when properly trained interventionalists operate the
equipment. Outside of institutional ﬂuoroscopy credential-
ing policies, little time is spent in formal education of physi-
cians in radiation safety.37 This study demonstrates that
directed education to vascular surgeons can lower PSD.
Additionally, physician education can help eliminate outlier
high-dose cases as observed in the composition of case
types exceeding 6 Gy RAK before and after education.
Invariably, complex FGIs, namely fenestrated stent grafts,
will require greater exposures. Recognizing risk factors
for radiation-induced skin damage, speciﬁcally case com-
plexity and patient obesity, allows for adjustments in oper-
ating practices to lower PSD accordingly.
The present study has several limitations, most notably
its retrospective design. However, study bias was avoided
since operators were unaware that RAK values would be
analyzed. Five different vascular surgeons with different
operating practices and varying levels of experience were
included; additionally, UTSW Medical Center is a teaching
institution, and therefore vascular fellows and residents
participated in the cases, further contributing to signiﬁcant
variation. Additionally, no testing occurred to evaluate the
amount of learning by each operator. Differences in case
distribution between groups may account for some of the
observed PSD change. The calculation of PSD requires
numerous assumptions, including attenuation corrections
and back-scatter factors; however, the use of the dose index
to quantify changes in PSD helps control for these uncer-
tainties. Case category-speciﬁc changes were not compared
between groups due to insufﬁcient sample size.
In conclusion, keeping best operating practices in the
forefront on every interventionalist’s mind is paramount
to decreasing dose and improving patient safety. At our
institution, we have integrated radiation safety lectures
into our conference curriculum and expect to see addi-
tional lowering of PSD. Future goals include more consis-
tent use of collimation and a reduced use of high-dose
acquisition modes.
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